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ABSTRACT 
Functional studies of murine T cells were performed to 
verify the role of T cells and adherent cells in the 
production of IL-2 and to clarify the role of the L3T4 
receptor. Whole spleen cells were passed over nylon wool 
columns to obtain purified populations of cells for this 
purpose. It was found upon reconstitution of the T cells 
and adherent cells that a collaboration between the two was 
necessary for optimal IL-2 production. Their level of IL-2 
production increased above the amount produced by the whole 
spleen cells. 
Antibody mediated cytotoxicity using L3T4 antisera 
indentified T helper cells exclusively. Functional assays 
using concanavalin A to induce IL-2 production were 
performed on L3T4 deplet~d cells. The production of IL-2 
was inhibited with L3T4 depletion to the same extent as Thy 
1.2 depleted populations. This indicated that the L3T4 
receptor was directly associated with the cells that 
specifically produce IL-2. 
The effects of concanavalin A stimulation on the number 
of L3T4 receptors found on T cells was also investigated. 
The results indicated that lectin stimulation had no effect 
on L3T4 receptor expression. 
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INTRODUCTION 
Early studies by Simonsen and Billingham et. al showed 
that small, nondividing lymphocytes were the direct 
precursors of cells involved in a number of immune reactions 
including graft-versus-host disease ( 1, 2) . These studies 
were based on earlier observations by Gorer ( 3) who 
demonstrated that immunity to soluble antigens was passively 
transferred with serum, but that immunity to tissue grafts 
was not. Simonsen (2) also reported that lymphocyte 
populations were homogeneous, and that both transplant 
rejection and antibody production were mediated by the same 
cells. The subsequent classification of primary 
i~unodeficiency diseases in humans led to the discovery of 
two separate compartments, consisting of two different types 
of cells. These studies of immune disorders led to the 
formation of the theory· of a functionally dual immune 
system. Complementary, however unrelated, experiments of 
immune function in lower animals added further evidence for 
the duality of the immune system (4). Claman et. al (5) 
were one of the first groups to describe these two arms as 
separate but cooperative entities. They proposed that one 
population contained cells which could synthesize and 
secrete antibody, whereas the other population served an 
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accessory cell function. Mitchell and Miller (6) confirmed 
the hypothesis of a necessary collaboration between a 
"helper" cell which was directed by the thymus, and the bone 
marrow-derived antibody producing cell. This hypothesis was 
supported by the results of experiments of Katz et. al (7) 
and Rajewsky et. al (8) who demonstrated such cooperativity 
in antibody responses involving haptens and their carriers. 
The lymphocyte population can be divided into two 
general classes of cells: B lymphocytes (B cells) which are 
continually formed in the bone marrow and are responsible 
for the production of antibody (9) and T lymphocytes (T 
cells) which are formed in the bone marrow and mature into 
functional cells in the thymus (10). T cells are involved 
in cell-mediated immune reactions, and do not produce 
antibody. Early experiments on T cells supported the 
hypothesis that they comprised a homogeneous population. 
These cells were involved in various immunological reactions 
such as activation of suppression of immune responses (9). 
Later studies indicated that T cells consisted of 
specialized subpopulations, each capable of 
T cell function (12, 13, 14). a particular 
developed by Boyse et. al (15) allowed 
performing 
Antibodies 
for the 
identification and separation of subpopulations of T cells 
which further delineated their specific functions. These 
antibodies recognized cell surface glycoproteins expressed 
on cells undergoing 
would bind only to 
thymocytes. The use 
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t~ymus-dependent differentiation, and 
the surface antigens expressed on 
of these antibodies indicated that T 
cell populations were comprised of at least three separate 
T cell subsets. These were classified as the Ly 123, 
Ly 1, and Ly 23 subsets (16, 17). Cells of the Ly 1 subset 
(helper/inducer) were identified as a population of cells 
which could "induce" other cell types to divide and 
differentiate. These cells were reported to induce B cells 
to secrete antibody and to stimulate mast cells, monocytes, 
and T-killer cells to participate in cell-mediated immune 
reactions. Ly 1 cells could also induce other T cell 
subsets to develop suppressive activity. Cells of the Ly 23 
subset were described to be responsible for killing of 
normal and tumor cell targets or supression of immunologic 
·function. These cells were termed the suppressor/cytotoxic 
subset (18-21). Cells of Ly 123 subset represent precursors 
of the mature T cells described above (4). The Ly 1 and Ly 
23 subsets could develop from a single line of 
differentiation. Huber et. al (22) were able to resolve 
this question by showing that Ly 1 and Ly 23 cells were 
terminally differentiated. These results indicated that the 
two subsets developed along two separate lines, and were not 
sequential stages of a single progression. 
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The Ly surface markers also determine major 
histocompatibility complex (MHC) antigen specificity. The 
helper/inducer T cells recognize the class II MHC molecules. 
These are found primarily on B cells, macrophages, and 
antigen-presenting cells. Class II molecules which are 
displayed on the antigen-presenting cells, stimulate inducer 
cell division and synthesis of specific inducer factors. 
These class II molecules allow inducer/helper cells to 
distinguish 
responsible 
which cause 
between "self" and "non-self". They are 
23) . The 
associated 
molecules 
for co-recognition of conventional 
the activation of the inducer T cell 
suppressor/cytotoxic subset 
with the class I MHC gene 
are found on the majority of 
recognizes 
products. 
the cells 
antigens 
(17, 18, 
antigen 
These 
in the 
body. Therefore, suppressor/cytotoxic cells are capable of 
·1ysing any somatic cell that expresses a variant or altered 
form of the class I surface molecule (18, 24). 
Dialynas et. al ( 25) · identified cell surface molecules 
which were involved in antigen-specific cell killing. These 
markers were designated as L3T4 receptors and were 
very similar to the human Leu 3/T4 antigen. Monoclonal 
antibodies to 
antigen-specific 
molecules which 
this receptor (GK 1.5) inhibited 
cytolysis by blocking the cell surface 
are involved in the lethal hit mechanism. 
Other monoclonal antibodies, previously used, blocked 
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cytolysis by a less specific mechanism. This discovery was 
important in that the functional domain of the molecules at 
the lethal hit site could be mapped onto a biochemically 
· defined structure. In addition, L3T4 has been reported to 
be expressed by the inducer/helper subset, previously 
characterized as Ly 1. This expression is primarily 
associated with class II MHC antigen reactivity (25-27). At 
present, the L3T4 receptor has replaced the Ly 1 receptor as 
the marker used to distinguish the helper/inducer T cell 
subset on the basis of MHC recognition. The 
suppressor/cytotoxic subset is still distinguished by the Ly 
23 marker. 
Subsets of Helper Cells 
Three types of helper T cells are reported to exist: 
1) helper cells which recognize the MHC molecules, 2) helper 
cells which recognize immunoglobulin ( Ig) , and 3) helper 
cells which secrete lymphokines (9). The cells which 
recognize MHC molecules are the classic helper cells that 
recognize antigen in conjunction with "self" Ia molecules 
which are part of the H-2 complex. These cells are induced 
to proliferate upon recognition of antigen plus "self" Ia 
which is presented by the macrophage. This induces 
proliferation of Ia-bearing B cells that have bound 
the same antigen. These helper cells can further induce 
6 
proliferation 
cells which 
antigen and 
determinants. 
and differentiation of the B cells. Helper 
recognize immunologlobulin are specific for 
Ia. They do not appear to recognize MHC 
The helper cells which secrete lymphokines 
release long-range factors that directly or indirectly 
activate or "help" other T cells or B cells. These cells 
may 
MHC 
be similar 
( 9) . Erb 
to or identical to those which recognize 
and Feldmann (28, 29) demonstrated that 
macrophages were needed for helper T cell activation in 
vitro. They showed that two pathways of helper cell 
induction were possible, depending on the physical form of 
the antigen used. Particulate antigens required allogenic 
or syngeneic macrophages to activate or generate helper 
cells. Soluble antigens required that the T cells and 
macrophages be genetically similar for T helper cells to be 
·activated (30). 
Interactions Between Helper T Cells and Other Cells 
Ziegler and Unanue (31, 32) further clarified the role 
of the macrophage in T cell activation by showing that the 
macrophage must bind antigen, internalize it, and process it 
in an acid vesicle. These and other experiments 
demonstrated that an antigen-presenting macrophage must be 
able to: 1) take up antigen, 2) endocytose it, 3) 
internally handle the protein, 4) recycle the antigen to the 
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surface, and 5) associate antigen with Ia. Interference 
with any one of these five steps will block the presentation 
of the antigen (32, 33). Erb and Feldmann (34) also 
reported that a direct contact between macrophages and T 
cells was not needed for T cell activation. They found that 
macrophages released factors that were as effective in 
activating T cells as the macrophages themselves. Bach et. 
al ( 35) showed that adherent cells also released soluble 
factors with mi togenic properties. These adherent cells 
were identified as macrophages. Gery et. al supported this 
conclusion and named the macrophage-derived mitogenic factor 
"lymphocyte activating factor" (LAF) (36). Their 
conclusions were that mitogenic factors served to amplify T 
cell proliferation driven by antigen or lectin. Further 
studies indicated that antigens and lectins could initiate 
~he activation of T cells, but their proliferation was 
dependent on a 30,000-dalton glycoprotein termed T cell 
growth factor (TCGF) (37-44). In addition, lectins and 
antigens initiated the production of both LAF and TCGF and 
conferred on T cells the ability to respond specifically to 
TCGF (45). A more standardize~ nomenclature for these two 
factors was subsequently established (46). LAF was referred 
to as interleukin 1 (IL-1) and TCGF was termed interleukin 2 
(IL-2). 
8 
Studies by Smith et. al (48) demonstrated that 
activated macrophages induce T cell proliferation by the 
release of IL-1. The IL-1, in turn, induces the production 
of IL-2. IL-1 and IL-2 therefore appear to function in a 
bimodal amplification system where the quantity of both 
determines the extent of antigen - or lectin - initiated T 
cell clonal expansion. In addition, after the recognition 
of the Ia-antigen complex, the T cell secretes interferon. 
This substance interacts with a specific receptor on the 
macrophage resulting in the up-regulation of the expression 
of Ia glycoproteins (93-97). This enhances the macrophage's 
capacity to present antigen ( 98, 99) • Cantrell and Smith 
(47) postulated a series of transitions after encounter with 
antigen and before the emergence of a clone of effector T 
cells. In their model, it is believed that contact of T 
~ells with antigen, in the presence of IL-1, will lead to 
both the expression of IL-2 receptors, and to the production 
of IL-2 itself by helper T cells. This IL-2 can then 
promote proliferation of IL-2 receptor positive effector 
cells. Further evidence suggests that IL-2 acts as a growth 
factor for the Ly 2 negative helper cells that produce it, 
as well as for the Ly 2 positive cells, which cannot produce 
IL- 2 ( 4 9 , 5 0 ) • 
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Interleukin 2 
A major question concerning T cell mitosis was the 
source of the signal which induced cell proliferation. 
These signals could be due to antigen or lectin stimulation 
or, alternatively, to lymphokine production. 
was partially resolved by Rosenstreich et. 
This question 
al (51) and 
Maizel et. al (52) who showed that the exclusion of 
macrophages from splenocyte cultures could prevent DNA 
synt~esis, regardless of antigen exposure or lectin-T cell 
binding. In addition, Gillis et. al (53, 54) demonstrated 
that glucocorticoids could inhibit antigen or lectin 
stimulated T cell mitosis. This inhibition was affected by 
a glucocorticoid concentration-dependent suppression of IL-2 
production. Morgan et. al (55) originally observed that 
conditioned medium could support the long term growth of T 
cells whereas lectins could not. It is presently known that 
IL-2 functions as a hormone-like growth factor for many 
subsets of T cells (56), and is secreted by antigen 
or mitogen-activated helper cells (60, 61). It is the 
interaction of IL-2 with its stereospecific membrane 
receptors on activated but not on resting T cells (62, 63) 
that stimulates receptor-bearing T cells to begin DNA 
synthesis and subsequently proliferate (64-67). Following 
the binding of IL-2 to its receptor, internalization and 
lysosomal degredation of IL-2 occurs. This phenomenon is 
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thought to be associated with the IL-2 growth mechanism 
( 6 3) • 
There are two classes of IL-2 receptor binding sites 
identified by their affinities for IL-2. The lower affinity 
site accounts for 85-95% of the IL-2 receptors 
expressed on the surface of activated T cells, and the 
remaining receptors exhibit a higher affinity binding site. 
The biological activity of IL-2 is mediated primarily by its 
interaction with the high affinity form of the receptor 
(85-88). IL-2 can upregulate the expression of its own 
receptors on T cells that have already acquired them ( 86, 
89-91). Ashwell et. al (92) showed that antigen and lectin, 
and to a smaller extent IL-2, could increase the expression 
of high affinity IL-2 receptors on a T cell clone and 
concanavalin A (Con A) induced T cell blasts. 
Concanavalin A 
Lectins can initiate · the activation of T cells. The 
term lectin refers to a large group of carbohydrate binding 
multimeric glycoproteins that are derived from both plant 
and animal sources (70). Because the exposed parts of many 
cell surface proteins contain hydrophilic carbohydrate 
groups, some lectins may bind to certain subsets of these 
proteins. Lectins bind preferentially to certain cell types 
because cells differ in the carbohydrate groups they display 
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on their cell surfaces. Mitogens are substances that can 
activate cells and induce them to undergo mitosis. Many 
mitogens are lectins, however, not all lectins are mitogens. 
Concanavalin A is both a lectin and a mitogen (9). 
Toyoshima et. al (71) showed that addition of Con A to cell 
cultures was critical for DNA synthesis during the first 3 
hours (phase 1) and at 16 to 20 hours (phase 2) of culture 
period. 
Though Con A can serve as a mitogen for the study of 
the early molecular events accompanying lymphocyte 
activation, it can also trigger the expression of cell-
specific function. For example, Con A can be used to 
generate T helper cells, T suppressor cells, and cytotoxic 
effector cells. It can also activate either unprimed or 
previously primed cells for helper or cytotoxic effector 
function. The sequence of events that lead to expression or 
re-expression of the function of different T cells is 
indistinguishable whether ·the cell is activated by antigen 
or rnitogen. Con A treatment results in activation that is 
both polyfunctional and ployclonal. At most concentrations 
of Con A commonly used, helper cells, supressor cells, and 
Con A must induce cytotoxic cells are all activated 
the production of T cell growth 
( 4) • 
factors ( IL-2) and the 
membrane receptors for them in order to stimulate the 
polyclonal proliferation of T cells. All T lymphocytes 
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express detectable amounts of IL-2 receptors as early as 4-8 
hours after stimulation with Con A in cultures containing 
excess accessory cells (84). 
The L3T4 Subset 
Dialynas et. al ( 25) were the first to describe the 
cell surface molecule L3T4 recognized by the GK 1.5 
monoclonal antibody. They presented evidence that the 
expression of L3T4 by murine T cell clones was associated 
with class II MHC antigen-reactivity. GK 1. 5 blocked all 
class II MHC antigen-specific functions (proliferation, 
cytolysis, and release of lymphokines) by murine class II 
MHC antigen-reactive T cell clones. GK 1.5 was also 
reported to block the release of IL-2 from cloned T cell 
hybridomas. This inhibition was affected by the blocking of 
the class II MHC antigen-specific binding. In addition, GK 
1.5 fixes complement, is highly reactive in all mouse 
strains thus far tested, and has been used extensively in 
fluorescence activated cell sorter (FACS) analysis and 
procedures commonly employed 
lymphocyte subset reactivity (25). 
The ability of the GK 1.5 
in characterization 
antibody to inhibit 
of 
the 
activation of L3T4 positive T cells was proposed to reflect 
the inhibition of the adhesion strengthening interaction 
which is crucial for the activation of T cells. The binding 
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of GK 1.5 to L3T4 is also suggested to transduce a negative 
signal to the T cell causing inhibition of its activation. 
This negative signal is proposed to cause blockage of the 
lectin mediated stimulation or the early events initiated by 
such stimulation. Because it is possible that stimulation 
with lectin involves T cell receptor cross-linking, the 
inhibition observed may represent the prevention of access 
of the lectin to the T cell receptor (78). 
It has been more appropriate to use this antibody 
directed to the L3T4 surface marker than the antibody 
directed to the Ly 1 marker because the latter does not 
block T cell respoJ?,siveness ( 76, 77) • Lancki et. al ( 79) 
suggested that the L3T4 surface structure increases the 
avidity of the int~raction ·between the T cell and its 
antigen 'presenting cell. ~hey concluded that the L3T4 
molecule was less important for the activation of T cells 
which have higher affinity antigen receptors. Tite et. al 
(78) have suggested a signalling role for the L3T4 molecule 
initiating the interaction between the L3T4 positive T cell 
and its class II MHC target cell (antigen presenting cell). 
Marrack et. al further postulated that the L3T4 molecule was 
important in strengthening interactions between T cells and 
the cells bearing those MHC gene products (80). 
Gutstein and Wofsy (81) have speculated that 
the treatment of mice with GK 1.5 may alter immune 
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responsiveness by 1) depleting L3T4 positive T cells, 2) 
blocking the interaction between the L3T4 positive T cells 
and antigen-presenting cells, and/or 3) directly inhibiting 
T cell function. However, Dialynas et. al (82) suggested 
that L3T4 expression was correlated primarily with class II 
MHC antigen reactivity and not with functional phenotype. 
Marrack et. al (80) stated that the L3T4 molecule was not 
needed for surface expression, or functional activity of, 
the T cell receptor for antigen or MHC. Their studies did 
indicate that L3T4 increased the sensitivity of the reaction 
between the T cell and the antigen or MHC on antigen 
presenting cells. Malek et. al (83) stated that the role of 
L3T4 in mitogen-induced activation was difficult to define 
because the ability of GK 1. 5 to inhibit IL-2 receptor 
induction depended on the type of accessory cell used. 
The different theories concerning the role of the L3T4 
receptor molecule is the basis for the present research. It 
is believed that Dialynas ·et al ( 25) were correct in their 
assumption that the L3T4 receptor is associated with MHC 
class II recognition, and that Gutstein and Wofsy (81) were 
correct in stating that GK 1. 5 directly inhibits T cell 
function. This study presents evidence to support Gutstein 
and Wofsy by the functional analysis of L3T4 depleted cell 
populations using the production of IL-2 as criteria. 
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Another aim of this study was to test whether differences 
exist in L3T4 positive cell numbers of Con A pre-stimulated 
and unstimulated populations of spleen cells, and their 
corresponding production of IL-2. 
MATERIALS AND METHODS 
Mice 
Mice of the C57BL/6J (B6) strain, 5 to 15 weeks of age, 
were obtained from Jackson Laboratories (Bar Harbor, MN). 
Cell Lines 
HT-2 cells (kindly provided by Dr. James Watson, 
Department of Microbiology, University of California, 
Irvine) were cultured in RPMI-1640 medium supplemented 
with 10 percent heat inactivated fetal calf serum, 
100 U/ml penicillin, 100 ug/ml streptomycin, 5 X 10-3M 
2-mercaptoethanol, (Sigma Chemical Company, St. Louis, MO), 
2mM glutamine (KC Biological, Lenexa, KS) (complete medium), 
and 10 U/ml recombinant human IL-2 (Biogen, Inc., Cambridge, 
MA) Culture of the GK 1.5 cell line, (A.T.C.C., Rockville, 
MD) was performed in Dulbecco' s Modified Eagle's Medium 
(Sigma Chemical Company, St. Louis, MO), supplemented 
with 10 
100 U/ml 
percent heat inactivated fetal calf serum, 
penicillin, 100 ug/ml streptomycin, 5 X 10- 3M 
2-mercapotethanol, and 2mM glutamine. 
16 
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Lectin and Complement 
The mitogen, Con A (Sigma Chemical Company, St. Louis, 
MO) , was diluted in complete medium and used at a final 
concentration of 4 ug/ml. Rabbit complement (Accurate 
Chemical and Scientific, Westbury, NY) was similarly diluted 
in complete medium and used at a final concentration of 
1:15. 
Antisera 
Anti-Thy-1.2, anti-Ly-1.2, and anti-Ly-2.2 (Accurate 
Chemical and Scientific, Westbury, NY) were used at a final 
concentration of 1:20. Supernatants from cultures of GK 1.5 
cells were collected and filtered through a 0.22 um syringe 
filter. These supernatants were contacted with rabbit 
complement to deplete the helper T cells, by antibody 
mediated cytotoxicity. 
Preparation of Spleen Cell Suspensions 
Spleens were removed from B6 mice and were teased in 
cold (4°C) culture medium, using sterile glass slides. The 
resulting cell suspensions were placed on ice for 5 min and 
tissue fragments allowed to settle. The supernatants were 
transferred to sterile centrifuge tubes and centrifuged at 
500 X g for 5 min. The resulting cell pellets were 
resuspended in complete medium and adjusted 
appropriate concentration with complete medium. 
Macrophage Depletion 
to 
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the 
Spleen cell suspensions were distributed in equal 
volumes of 20 ml each, into sterile polystyrene petri plates 
(Falcon Products, Oxnard, CA), and incubated for 1 hr at 
37°C. The plates were then vigorously washed with warm 
culture medium, and the resulting cell suspensions were 
transferred to additional sterile polystyrene petri plates. 
The plates were incubated for one hr and then washed 2 times 
with warm (37°C) medium. The total percentages of cells 
recovered ranged from 50 percent to 65 percent of the 
initial cell number plated. 
Preparation of Nylon Wool Column 
Preparation of nylon wool columns was by modification 
of the procedure of Henry· et. al (109). Nylon wood (35g) 
(WAKO Pure Chemical Industries, Ltd., Osaka, JP) was boiled 
in three liters of 0.2 N HCl for one hr, washing five times 
with distilled water, and incubated at 37°C in three liters 
of distilled water for 1 hour. The water was decanted, the 
nylon wool gently squeezed to remove excess water, and 
allowed to air dry. The nylon wool was cut into pieces of 
0.6 to 0.7 g or 1.2 to 1.4 g, and packed in a 10 cc syringe 
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to the 8 cc mark, or into a 30 cc syringe packed to the 24 
cc mark. These columns were then wrapped and autoclaved at 
120°C for 15 min. 
Nylon Wool Column Purification of T Cells 
Purification of T cells using nylon wool columns was 
carried out according to a modified procedure of Henry et. 
al (109). Sterile nylon wool columns were washed with 80 to 
90 ml of culture medium without heat inactivated fetal calf 
serum, followed by 80 to 90 ml of serum supplemented culture 
medium. Cell suspensions (cell concentrations in a total 
volume of 2.0 ml) were added to the column, and washed into 
the column with 2 ml of warm culture medium. The bottom of 
the syringes were plugged, the tops were covered with 
aluminum foil, and the columns incubated at 37°C for 45 min. 
Plugs from the columns were removed by slow addition of 35.0 
ml of warm (37°C) complete medium (in a dropwise manner to 
prevent generation of fluid head). The cells collected by 
this procedure were characterized as non-adherent, and 
identified at T cells using specific antisera. The average 
percentage of cells recovered from the columns was 35-40 
percent. 
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Con A Stimulation of Cells 
Whole spleen cell suspensions and nylon wool purified T 
cell suspensions were adjusted to cell concentrations of 7.5 
x 16 6 cells/ml, and 3.9 x 10 6 cells/ml, respectively. Cells 
were cultured in 1 ml volumes with an equal volume of 8 
ug/ml Con A in 24 well polystyrene plates (Corning Glass 
Works, Corning, NY). The plates were incubated for 24 hr at 
37°C. Cells were harvested from the wells and washed twice 
with cold (4°C) culture medium. 
Antisera Depletion of Cell Populations Using Antibody 
Medicated Cytotoxicity 
Anti-Thy-1.2, anti-Ly 1.2, anti-Ly-2.2, and anti-L3T4, 
were used to deplete both unstimulated and Con A stimulated 
whole spleen suspensions, and unstimulated and stimulated 
riylon wool purified T cell suspensions. A volume of 0.2 ml 
of diluted antisera was added to various concentrations of 
pelleted cells. The tubes were incubated on ice for 1 hr 
and centrifuged at 500 x g for 3 min. Rabbit complement was 
added to the pelleted cells, and the tubes were incubated 
for 1 hr at 37°C. Cytotoxicity was determined using trypan 
blue exclusion according to the following formula: 
% Cytotoxicity = (number of dead cells) x 100 (number of dead cells+ 
number of viable cells) - % dead cells 
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Preparation of Macrophage Monolayers 
Macrophage monolayers were prepared from whole spleen 
cell suspensions. Spleen cell suspensions were cultured at 
a density of 3 x 10 6 cells/ml in 24 well microculture plates 
to which antisera treated cells would subsequently be added. 
Monolayers to be used for unstimulated, antisera treated 
cell populations were incubated in culture medium without 
Con A for 2 hr at 37°C, and the contents of each well washed 
vigorously with warm culture medium. The monolayers to be 
used for the stimulated antisera treated cells were 
incubated in culture medium with an equal volume of 8 ug/ml 
Con A for 24 hr at 37°C, and each well washed with warm 
(37°C) culture medium. 
Assays for Production of Interleukin-2 
The Thy-1.2+, Ly-2.2+, and L3T4+ depleted cell 
populations were cultured with macrophage monolayers ( 3 x 
10 6 cells/ml) in the preserice of (8 ug/ml) Con A at 37°C for 
24 hr. The IL-2 production of each cell population was 
measured using the IL-2 dependent, HT-2 cell line, in the 
standard microassay described by Gillis et. al ( 41) . 
Briefly, supernatants were collected after 24 hr incubation 
of cells with Con A, and 0.1 ml volumes of log2 dilutions of 
the supernatants were added to wells of 96 well flat bottom 
microtiter test plates (Corning Glass Works, Corning NY)• A 
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0 .1 ml volume of HT-2 cells (5 x 10 4 ) was added to each 
well. Plates were incubated at 37°C for 24 hr. A volume of 
0. 0 5 ml of 3H-thymidine ( 1 • 0 uCi) (New England Nuclear, 
Boston, MA) was 
incubated 4 hr. 
added to each well and the plates 
Cells were harvested onto glass fiber 
filter stx-ips 
incorporation 
(Skatron Inc., 
of 3H-thymidine 
Sterling, VA) 
was determined 
and the 
by liquid 
scintillation counting. Results were quantified by probit 
analysis, and the activity expressed in units of IL-2. One 
unit is defined as the reciprocal of the dilution of test 
supernatant that gives 50% of the maximum incorporation of 
3H-thymidine by HT-2 cells. 
Determination of Percentages of Macrophages in 
Adherent Cell Monolayers 
Adherent cell monolayers were incubated for 1 hr at 
37°C with 0.01 M EDTA (Mallincrodt Inc., Paris, KY), which 
was diluted in culture medium. This treatment removed 
approximately 90% of the adherent cells. The cell 
concentration was adjusted to 1 x 10 6 cell/ml, and 0.01 ml 
aliquots were spread onto glass slides and allowed to air 
dry. Slides were stained with a solution of Trizmal Dilute 
Buffer Solution, Fast Blue RR Salt, and alpha-Naphthyl 
Acetate Solution (Sigma Chemical Co., St. Louis, MO). The 
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percentage of alpha-naphythyl acetate esterase positive 
cells was determined. 
Indirect Immunofluorescence 
Cell suspensions were adjusted to 1 x 10 6 /ml in 
complete medium. One ml of the suspension was placed in a 
sterile push cap tube and centrifuged at 500 x g for 5 min. 
0. 05 ml of the appropriate antisera was added to the cell 
pellet of each tube and the cells resuspended. The tubes 
were then incubated on ice for 50 min. The tubes were 
centrifuged at 500 x g for 5 min. Cells were washed one 
time with complete medium. A volume of 0.1 ml of 
fluorescene conjugated (FITC) anti-IgG, diluted to 1:20 in 
complete medium (Accurate Chemical and Scientific) was added 
to each tube, and the cell pellet resuspended. Tubes were 
incubated on ice for 50 min. The tubes were centrifuged at 
500 x g for 5 min, followed by two washes of complete 
medium. Wet mounts were · made of remaining pellets, and 
examined under fluorescent conditions using a Nikon Optiphot 
flourescent microscope (Nikon, Tokyo, JP). 
Direct Immunofluorescence 
· d 1 10 6 /ml · Cell suspensions were adJuste to x in 
complete medium and centrifuged at 500 x g for 5 min. 0.1 
ml of fluorescene conjugated anti-IgG or fluorescene 
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conjugated anti-Thy 1.2 (Miles Scientific, Naperville, IL) 
was added to each pellet, and the tubes incubated on ice for 
50 min. The tubes were then removed and centrifuged at 500 
x g for 5 min and washed twice using 1 ml of complete 
medium. Wet counts were made of the resulting pellet and 
examined using fluorescence microscopy. 
Statistical Analysis 
Hypothesis testing (p = 0. 05) was used to determine 
significance of data. 
RESULTS 
Purification of T cells 
Whole spleen cells from B6 mice were separated into 
adherent (nylon wool or plastic) and 
populations. 
populations 
Individual cell populations 
were cultured with Con A 
non-adherent 
or combined 
for 24 hr. 
Supernatants from each culture were analyzed for presence of 
IL-2 using HT-2 cells. IL-2 production of splenocytes 
decreased when cells were removed by plastic adherence (2 hr 
mac adh) ( .004). IL-2 production remained at this low 
level when these cells were further subjected to nylon wool 
purification (T-mac) on a large (30cc) column ( .004). 
IL-2 production increased when the nylon wool purified T 
cells were added to macrophage monolayers (T + mac) compared 
to that of T cells and macrophages alone. This level of 
IL-2 production was also greater compared to that of whole 
spleen cell IL-2 production. Macrophage monolayers alone 
(mac) produced negligible amounts of IL-2 (Table 1). 
The average counts per minute (cpm) of incorporated 
3H-thymidine by HT-2 cells in the presence of IL-2 
supernatants from each cell population were also compared. 
Con A culture supernatants from cells which had the plastic 
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TABLE 1 
EFFECTS OF LARGE NYLON WOOL COLUMN PURIFICATION 
ON IL-2 PRODUCTION 
POPULATION 
Whole Spleen 
2 hr Mac Adh 
T - Mac 
T + Mac 
Mac 
UNITS OF IL-2 
EXP. #1 EXP. #2 
400.5 
608.8 
.004 
• 004 ' 
.004 
256 
469.5 
.004 
.004 
.004 
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One unit of IL-2 is defined as the reciprocal of the 
dilution of test superna~ant that gives 50 percent of the 
maximum incorporation of H-thymidine by HT-2 cells. 
27 
adherent cells removed (2 hr mac adh), or cells subjected to 
additional nylon wool purification (T - mac) 
support 
or macrophage 
3H-thymidine monolayers did not appreciably 
incorporation of HT-2 cells at the dilutions tested. 
However, supernatants from macrophage monolayers added to 
nylon wool purified T cells (T + mac) and whole splenocyte 
culture supernatants supported 3H-thymidine incorporation of 
HT-2 cells at all dilutions tested (Fig. 1, 2) • Similar 
results were obtained when IL-2 production and 3H-thymidine 
incorporation were measured using cell populations separated 
on small (10 cc) nylon wool columns (Table 2), (Figure 3). 
and 
Comparison of Small and Large Column Effect on the 
Percentages of T Cells and Immunoglobulin 
Bearing Cells Recovered 
The percentages of T and B cells recovered from large 
small nylon wool columns were determined using 
fluorescene conjugated anti-Thy 1. 2 and anti mouse IgG, 
respectively. A higher percentage of Thy 1.2 positive cells 
were recovered from whole spleen cell populations purified 
on large columns (Purified T) compared to those obtained 
from small columns. In addition, spleen cells obtained from 
large columns contained fewer IgG bearing cells compared to 
those collected from small columns (Table 3). 
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Figure 2. Effects of Large Nylon Wool Column 
Purification on 3H-thymidine Incorporation 
of HT-2 Cells. 
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Figure 3. Effects of Small Nylon Wo~l Column 
Purification on the Mean H-thymidine 
Incorporation of Ht-2 Cells. 
TABLE 2 
EFFECTS OF SMALL NYLON WOOL COLUMN PURIFICATION 
ON MEAN IL-2 PRODUCTION 
POPULATION UNITS OF IL-2 
Whole Spleen 130.1 ± 7.38 
T + Mac 280.7 ± 7.60 
T 
-
Mac 0.20 ± 0.38 
Macs 0.004 ± 0 
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TABLE 3 
EFFECTS OF COLUMN SIZE ON THE PERCENTAGES 
OFT AND B CELLS DETERMINED USING FITC CONJUGATED ANTISERA 
COLUMN 
10cc 
ANTISERUM 
Thy 1.2 
IgG 
WHOLE SPLEEN 
35.9 
19.2 
PURIFIED T 
49.6 
35.9 
------------------------------------------------------------
30cc Thy 1.2 
IgG 
43.4 
21.6 
80.3 
8.0 
Analysis of Lymphocyte Subsets Using 
Fluorescene Conjugated Antisera 
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Analysis of lymphocyte subsets using whole spleen and T 
cells purified on a small nylon wool column was performed 
using indirect innumoflourescene staining. Incubation of 
whole splenocytes and column purified splenocytes with 
anti-Thy 1. 2 and anti-Ly 1. 2 and FITC conjugated anti-Ig, 
indicated that 79. 5 percent and 80. 6 percent of column 
purified splenocytes stained positive for the Thy 1.2 
antibody. Incubation of the cells with anti-Ly 1.2 
antiserum identified 79.5 percent and 76.7 percent positive 
cells. Incubation of the cells with anti-Ly 2.2 antiserum 
identified · 24.9 percent and 18.9 percent positive cells. 
Purified T . cell populations contained 18.5 percent and 21.1 
percent surface immunoglobulin positive cells (Table 4). 
Analysis of Lymphocyte Subsets With or Without 
Con A Stimulation Using Antibody Mediated Cytotoxicity 
Lymphocyte subset analyses of nylon wool purified 
splenocytes cultured with or without Con A was performed 
using specific antisera and rabbit complement. Splenocytes 
without Con A (unstimulated) were 77.3 percent and 75.1 
percent positive for Thy 1.2 surface antigen, and 37.9 
percent and 39.3 percent of purified T cells were positive 
for L3T4. The percentages of Thy 1.2 positive cells 
EXP# 
#1 
TABLE 4 
EFFECTS OF SMALL NYLON WOOL COLUMN PURIFICATION 
ON THE PERCENTAGES OFT AND B CELLS 
USING DIRECT AND INDIRECT IMMUNOFLUORESCENCE 
ANTISERUM 
Thy 1.2 
Ly 1.2 
Ly 2.2 
IgG 
PERCENT FLUORESCENCE 
WHOLE SPLEEN PURIFIED T 
26.7 
0.60 
25.1 
51.5 
79.5 
79.5 
24.9 
18.5 
----------------------------------------------------
#2 Thy 1.2 
Ly 1.2 
Ly 2.2 
IgG 
80.6 
76.7 
18.9 
21.2 
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increased with Con as compared to 
The percentage of Ly 2.2 positive cells 
A stimulation, 
unstimulated cells. 
increased more than 2 fold compared to unstimulated cells. 
In percentages of L3T4 positive cells did not change in 
unstimulated to stimulated cells (Table 5). 
Effectiveness of Antisera Treatment on IL-2 Production 
of Unstimulated Purified T Cells 
T cells purified on large nylon wool columns were 
depleted of lymphocyte subsets by treatment with various 
antisera and rabbit complement. The resulting cell 
populations were cultured with a 4 ug/ml of Con A for 24 hr. 
The 3H-thymidine incorporation of HT-2 cells decreased 
significantly (p .001) when cultured with supernatants 
obtained from whole spleen cells (Figure 4) and nylon wool 
purified cells which were previously treated with anti-Thy 
1.2, and-Ly 2.2, and anti-L3T4 in the presence of complement 
and cultured for 24 hr with Con A (Figure 5) compared to 
thoie treated with complement alone. The greatest decrease 
in 3H-thymidine incorporation was observed with supernatants 
obtained from cells treated with anti-Thy 1.2 or anti-L3T4. 
The amount of IL-2 produced also decreased with the above 
antisera treatment. The least amount of IL-2 was produced 
by cell populations which were treated with anti-Thy 1.2 and 
anti-L3T4 antisera plus complement as compared to that 
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TABLE 5 
EFFECTS OF CON A STIMULATION OF LARGE NYLON WOOL 
COLUMN PURIFIED T CELLS ON COMPLEMENT MEDIATED CYTOTOXICITY 
EXP# 
#1 
PERCENT FLUORESCENCE 
UNSTIMULATED STIMULATED 
ANTISERUM % CYTOTOX. ANTISERUM % CYTOTOX. 
Thy 1.2 
Ly 2.2 
L3T4 
77.3 
15.0 
37.9 
Thy 1.2 
Ly 2.2 
L3T4 
98.0 
34.0 
40.2 
--------------------------------------------------------
#2 Thy 1.2 
Ly 2.2 
L3T4 
75.1 
16.2 
39.3 
Thy 1.2 
Ly 2.2 
L3T4 
98.0 
33.4 
40.3 
Figure 4. Effects of Supernatantj From Unstimulated 
Whole Spleen C 11s on H-thymidine 
Incorporation of HT-2 Cells 
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Figure 5. Effects on Unstimulated Large NyJon Wool 
Co1umn Purified T Ce - ls on Mean H-thymidine 
Incorporation ,of HT-2 Cel1s 
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produced by cell populations treated with complement alone 
(Table 6). 
TABLE 6 
EFFECTS OF ANTISERA AND COMPLEMENT MEDIATED CYTOTOXICITY 
ON IL-2PRODUCTION OF UNSTIMULATED T CELLS 
PURIFIED IN LARGE NYLON WOOL COLUMNS 
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EXP # TREATMENT UNITS OF IL-2 
#1 Complement 
Anti-Thy 1.2 
Anti-Ly 2.2 
Anti-L3T4 
--------------------------------------------------
#2 Complement 
Anti-Thy 1.2 
Anti-Ly 2.2 
Anti-L3T4 
181.0 
0.004 
64.0 
0.037 
148.3 
0.63 
64.0 
0.088 
Effectiveness of Antisera Treatment on IL-2 Production 
of Purified T Cells Stimulated With Con A 
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T cells purified on a large nylon wool column were 
cultured with 4 ug /ml of Con A for 24 hr. The cells were 
then treated with various antisera in the presence of rabbit 
complement, and the resulting cells cultured with 4 ug/ml of 
Con A for 24 hr. The resulting supernatant was analyzed for 
the ability to support 3H-thymidine incorporation into HT-2 
cells and IL-2 production. The 3H-thymidine incorporation 
of HT-2 cells and resulting calculated IL-2 production 
decreased when purified T cells stimulated with Con A were 
treated with anti-Ly 2. 2 and anti-L3T4 antisera, prior to 
Con A culture for Il-2 production. The greatest decrease in 
3H-thymidine incorporation of HT-2 cells was observed with 
supernatants obtained from -cells treated with anti-L3T4. 
The least amount of IL-2 was produced by cell populations 
treated with L3T4, compared to those treated with complement 
alone (Fig. 6, Table 7). 
Figure 6. Effects of Con A Stimulation of Large Nylon 
'ool Column Purified T Cells on Mean 
H-thymidine Incorporation of HT-2 Cells 
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TABLE 7 
EFFECTS OF ANTISERA AND COMPLEMENT MEDIATED 
CYTOTOXICITY ON IL-2 PRODUCTION OFT CELLS 
PURIFIED ON LARGE NYLON WOOL COLUMNS 
43 
EXP# TREATMENT UNITS OF IL-2 
#1 Complement 
Anti-Thy 1.2 
Anti-Ly 2.2 
Anti-L3T4 
-----------------------------------------------------
#2 Complement 
Anti-Thy 1.2 
Anti-Ly 2.2 
Anti-L3T4 
152.2 
38.1 
0.004 
53.8 
20.7 
0.007 
DISCUSSION 
In order for maximal IL-2 levels to be produced by T 
cells, adherent cells must be present. These cells produce 
IL-1, which, in turn, stimulates the production of IL-2 
(48). The present study shows that cell populations which 
participate in IL-2 production can be removed with the 
purification procedures described. This is evidenced by the 
sharp decreases in IL-2 production as measured by 3H-
thymidine incorporation of HT-2 cells by the various 
populations at each stage of purification. IL-2 production 
decreased by almost 100 percent from whole spleen to the 
purified populations. The data also support the hypothesis 
that cells which participate in IL-2 production are T cells 
and macrophages, 
production of IL-2. 
and that both are required for the 
The increase in IL-2 production of the 
purified T cells reconstituted with macrophages when 
compared to that of whole spleen cells suggests a high level 
of purity of the two populations. It is possible that this 
is due to the removal of a cell type (during purification), 
that has suppressive or regulatory activity on IL-2 
production. 
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The percentages of Thy 1.2 positive and Ly 1.2 positive 
cells in purified T cell preparati· ens were · approximately 
equal. This indicates that the Ly 1.2 antibody was present 
on T cells of all subsets and not just those of the T helper 
subset. However, there was an approximate two fold 
difference between the percentages of Thy 1. 2 and L3T4 
positive cells (L3T4 positive cells being about half those 
that are Thy 1.2 positive). This 2:1 ratio was also 
observed when the percentage of L3T4 positive cells were 
compared to the percentage of Ly 2. 2 positive cells. This 
ratio was not observed when the percentage of Ly 1. 2 
positive cells was compared to that of the Ly 2.2 positive 
cells. A 2:1 ratio of helper to suppressor cells is 
routinely reported by others using the Ly 1. 2 and Ly 2. 2 
antisera (23). The results from the present study supports 
the hypothesis that the L3T4 receptor identifies T helper 
cells exclusively. 
The depletion of Thy 1.2, Ly 2.2, and L3T4 positive 
cells by antibody and complement mediated cytotoxicity 
resulted in reduction of the total number of cells available 
for functional analysis. It was therefore necessary to pool 
splenocytes from several mice for each experiment in which 
purified T cells would be obtained by such treatments. In 
preliminary experiments, the possibility existed that the 
nylon wool columns were overloaded with cells. This was 
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confirmed using anti-Thy 1.2 antiserum. The results 
indicated that the treated control population was not within 
a normal range. A larger column was subsequently used and 
the percentages of T cells and B cells recovered from it 
were compared with those recovered from a small column. The 
percentage of contaminating B cells, as measured by surface 
irnmunoglobulin, decreased 22 percent when the large column 
was used, and the percentage of T cells increased by 62 
percent. In addition, the cytotoxicity of anti-Thy 1.2 
increased from an average of 37. 5 percent to an average of 
76.2 ·percent when the large nylon wool column was used. The 
results indicated that the larger column was more efficient 
in separating purified T cell populations compared to the 
smaller column. 
In an attempt to clarify the role of the L3T4 receptor 
on T cells, functional assays involving Con A induction of 
IL-2 production were performed. The results indicate that 
anti-L3T4 treatment greatly inhibits the production of IL-2 
as measured by 3H-thyrnidine incorporation of HT-2 cells• 
This inhibition was similar to that observed for anti-Thy 
1.2 depleted cell population. The relatively small decrease 
in IL-2 production observed with the anti-Ly 2.2 antiserum 
depleted cell population may be an indication of the 
inability of suppressor cells to participate in IL-2 
production. This phenomenon has been demonstrated by other 
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investigators in a number of experimental systems (49, 50). 
The fact that anti-Thy 1. 2 and anti-L3T4 treatment of cell 
populations resulted in comparable levels of IL-2 production 
and 3H-thymidine incorporation of HT-2 cells in both 
unstimulated and Con A stimulated cells, would lend support 
to the hypothesis that the L3T4 receptor is directly 
·associated with specific cells which produce IL-2. This 
hypothesis is also supported by Mizuochi et. al (100) who 
stated that one of the necessary functions of L3T4 positive 
T cells in allospecific cytotoxic-T-lymphocyte responses is 
the secretion of IL-2. This has also been reported by 
Marrack et. al (80) who state that the L3T4 positive subset 
of lymphocytes mediate helper function through the secretion 
of soluble IL-2. Swain et. al (101) report that monoclonal 
antibody to L3T4 and to Ly 2 reciprocally block allo-help 
and lymphokine production of normal bulk cultures of T cells 
specific for class II and class I MHC antigens, 
respectively. Additionally, reports that most murine T 
cells which release IL-2 are class II MHC antigen-reactive 
(72-75), and the strong correlation between phenotype and 
function (102-104), tend to support the results of the 
present study. 
The effects of Con A prestimulation on the number of 
L3T4 receptors indicated by an increase or decrease in the 
number of L3T4 positive cells has been used to determine 
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whether L3T4 is expressed on primed or unprimed T cells. 
Several reports have indicated difficulty in detecting a 
significant population of IL-2 receptor bearing cells in 
preparation of T cells from unstimulated, nonimmunized, 
fresh spleen cells. After nonspecific stimulation in vitro, 
however, IL-2 receptor bearing cells are routinely observed 
· in the L3T4 positive subpopulation (106-109). The question 
of increases in L3T4 receptors on T cells following 
stimulation with Con A has not been adequately answered by 
these studies. The present study indicates that increasing 
purification of T cells increases the percentages of T cells 
bearing L3T4 receptors. This was indicated by a substantial 
decrease in IL-2 production when whole spleen cells or small 
column purified T cells were stimulated and treated with 
anti-L3T4. The 3H-thymidine incorporation data also 
supported this hypothesis. However, purified T cells 
obtained from large nylon wool columns demonstrated a less 
substantial decrease in IL-2 production by unstimulated 
compared to stimulated cells. In addition, cytotoxicity 
data indicates only a slight difference in the percentage of 
cells killed with anti-L3T4 obtained from unstimulated 
compared to those obtained from stimulated cells. This data 
indicates that, contrary to the IL-2 receptor expression, 
lectin stimulation of fully purified T cells has no effect 
on L3T4 receptor expression. 
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In summary, the results of this study support the 
hypothesis that the methods of purification described here 
are satisfactory to achieve purified populations of T cells. 
These findings are also consistent with reports from other 
investigations which describe a collaboration between 
adherent cells and T cells in order for the production of 
IL-2 to occur. 
This study also describes the use of anti-L3T4 
antiserum to identify the T helper cell on the basis of 
function. The L3T4 receptor is constantly expressed on 
mature T helper cells with or without stimulation. 
Future investigations should be aimed at comparing the 
present study's findings with those obtained using specific 
antigens, rather than mi togens, in order to induce IL-2 
receptor expression and production. In addition, analysis 
of L3T4 antigen density on antigen activated T cells using 
fluorescent activated cell sorting is indicated in order to 
further determine the role of L3T4 as a marker for T helper 
cells in the mouse. 
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